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Huaier extract synergizes with tamoxifen to induce autophagy
and apoptosis in ER-positive breast cancer cells
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ABSTRACT
Tamoxifen (TAM) is the most widely used endocrine therapy for estrogen receptor
(ER)-positive breast cancer patients, but side effects and the gradual development of
insensitivity limit its application. We investigated whether Huaier extract, a traditional
Chinese medicine, in combination with TAM would improve treatment efficacy in ERpositive breast cancers. MTT, colony formation, and invasion and migration assays
revealed that the combined treatment had stronger anticancer effects than either
treatment alone. Huaier extract enhanced TAM-induced autophagy, apoptosis, and
G0/G1 cell cycle arrest, as measured by acidic vesicular organelle (AVO) staining,
TUNEL, flow cytometry, and western blot. Additionally, combined treatment inhibited
tumorigenesis and metastasis by suppressing the AKT/mTOR signaling pathway.
Huaier extract also enhanced the inhibitory effects of TAM on tumor growth in vivo in
a xenograft mouse model. These results show that Huaier extract synergizes with TAM
to induce autophagy and apoptosis in ER-positive breast cancer cells by suppressing
the AKT/mTOR pathway.

of blood clots, especially in the lungs and legs [3], stroke
[4], cataracts [5], and endometrial and uterine cancers
[4, 6]. Patients also become insensitive to this treatment
after extended TAM administration and experience other
side effects. Combination therapy might enhance the
effects of TAM in ER-positive BCs and reduce adverse
side effects by decreasing the therapeutic dose of TAM [7].
Among combination therapies, traditional Chinese
medicine (TCM) has gained popularity for its ability to
kill tumor cells while reducing harm to normal cells.
In addition, TCM herbal treatment has a low economic
cost and increases chemotherapy efficiency, reduces
toxicity, prolongs survival time, and improves quality

INTRODUCTION
Selective estrogen receptor modulators (SERMs)
prevent estrogen from binding to estrogen receptors. The
SERM tamoxifen (TAM) has been used as the standard
adjuvant endocrine treatment for more than 30 years for
all stages of estrogen-dependent breast cancer [1]. A large
randomized clinical trial found that 5 years of treatment
with TAM reduced the incidence of invasive breast cancer
by about 50% in postmenopausal women who were
at high risk of BC [2]. However, treatment with TAM
alone for estrogen-dependent breast cancer during the
premenopausal period is associated with an increased risk
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of life and immune functions [8]. Trametes robiniophila
murr (Huaier) is a type of fungus from China which
has been used in TCM for approximately 1600 years.
It is isolated from the extract of the officinal fungi,
and proteoglycan has been identified as the effective
ingredient (containing 8.72% water, 12.93% amino
acids and 41.53% polysaccharides) [9]. Huaier extract
has been studied extensively for its antitumor effects,
including inhibition of cell proliferation [10], antimetastasis [11], interference with tumor angiogenesis
[12], induction of autophagic cell death [13], and
tumor-specific immunomodulatory effects [14, 15]. Our
study demonstrates for the first time that Huaier extract
synergizes with tamoxifen to induce autophagy and
apoptosis in ER-positive breast cancer cells by inhibiting
the AKT signaling pathway. These effects support the use
of Huaier extract in combination with TAM for treating
ER-α-positive breast cancer.

interest were closely connected, and most were located
in the center of the network. Red indicates upregulated,
blue indicates downregulated, and yellow indicates
unchanged pathways. The area of the circles indicates the
value of betweenness centrality. Huaier extract activated
autophagy and apoptosis pathways and inhibited the cell
cycle and mTOR pathway.

The combination of Huaier extract and TAM
reduced the viability and motility of ER-positive
breast cancer cells
An MTT assay was used to measure cell viability.
As shown in Figure 2A, combined therapy with
Huaier and TAM significantly reduced the viability
of both MCF-7 and T47D cells in a time- and dosedependent manner. Cell viability decreased sharply after
administration of 4 mg /mL Huaier with 5 μM TAM,
independent of the treatment time. A colony formation
assay revealed that combined treatment decreased the
proliferation rate of both MCF-7 and T47D cells (Figure
2B, 2C and 2D).
Migration and invasion assays were carried out to
measure cell motility. As indicated in Figure 2E and 2F,
the combination of 4 mg/mL Huaier extract and 10 μM
TAM inhibited migration and invasion in MCF-7 cells
more than single drug treatments.

RESULTS
HTA 2.0 microarray assay revealed key
pathways regulated by Huaier extract
Based on methods described previously, the HTA
2.0 microarray assay was used to construct a pathwaypathway interaction network (Figure 1). Pathways of

Figure 1: Signal pathway relation network in MCF-7 cells. Red indicates upregulated, blue indicates downregulated, and yellow

indicates unchanged pathways. The area of the circles indicates the value of betweenness centrality. Line segments indicate pathwaypathway interactions.
www.impactjournals.com/oncotarget
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Figure 2: Combined treatment reduced cell viability and motility more than monotherapies. A. The effect of Huaier extract

and TAM on cell viability was measured by MTT assay as described in Materials and Methods. Combined treatment inhibited viability
in both cell lines in a dose- and time-dependent manner. MCF-7 B. and T47D C. cells formed colonies. Representative Giemsa staining
pictures of the colonies are shown. MCF-7 and T47D cell colonies D. were counted. Cell mobility was strongly inhibited by combined
treatment as shown by migration E. and invasion F. assays using the Transwell system. Giemsa was used as a staining agent and cell
numbers were counted in six representative fields. Bars, 50 μm. All experiments were performed in triplicate and data are presented as the
mean ± SD of three separate experiments (*p < 0.05; **p < 0.01; ***p < 0.001 vs. the control group).

Huaier extract synergizes with tamoxifen to
induce autophagic cell death in ER-positive
breast cancer cells

Huaier extract synergizes with tamoxifen to
induce apoptosis in ER-positive breast cancer cells
We used the TUNEL assay to detect the modes of
cell death induced by Huaier extract and TAM (Figure 4B
and 4D). As shown in Figure 4, Huaier extract induced
necrosis and apoptosis, which was consistent with our
previous data [9]. Huaier extract also synergized with
tamoxifen to induce autophagy and apoptosis in ERpositive breast cancer cells. Additionally, intact cells,
early apoptotic cells, and late apoptotic or dead cells can

To quantify autophagic cell death in cells treated
with Huaier extract, TAM, or both, we used flow cytometry
analysis (Figure 3A and 3C) and an AVO staining assay
(Figure 3B and 3D) [13]. As shown in Figure 3, both
Huaier extract and TAM induced autophagic cell death.
Combining the two treatments induced the formation of
more autophagosomes than either of the drugs alone.
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Figure 3: Huaier extract synergizes with tamoxifen to induce autophagy in ER-positive breast cancer cells. MCF-7

A. and T47D C. cells were labeled with Acridine orange (AO) after the indicated treatments and quantified using flow cytometry. FL1-H
indicates green color intensity (cytoplasm and nucleus), whereas FL3-H shows red color intensity (AVO). Cells in up quadrants were
considered AVO-positive. Treated MCF-7 B. and T47D D. cells were stained with AO and examined under a fluorescence microscope.
Bars, 50 μm. All of the experiments were performed in triplicate and data are presented as the mean ± SD of three separate experiments (*p
< 0.05; **p < 0.01; ***p < 0.001 vs. the control group).

be identified using PI-annexin-V double staining [16].
This method showed that after combined drug treatment,
late apoptosis or cell death rates and early apoptosis rates
increased in a dose-dependent manner in both MCF-7 and
T47D cells (Figure 4A and 4C).

and TAM. MCF7 and T47D cells were exposed to Huaier
extract, TAM, or both for a total of 48 h. As shown in
Figure 5, G0/G1 arrest increased in cells exposed to these
drugs compared to untreated cells. All treatments also
concomitantly decreased the proportion of cells in the S
phase. These results revealed that both Huaier extract
and TAM slowed MCF-7 (Figure 5A) and T47D (Figure
5B) cell proliferation via cell-cycle arrest at the G0/G1
phase, which is consistent with previous studies [9, 17].
Furthermore, after combined drug treatment, the percentage
of cells in the G0/G1 phase increased dramatically in a
dose-dependent manner in both MCF-7 and T47D cells.

Huaier extract synergizes with tamoxifen to
induce cell-cycle arrest in ER-positive breast
cancer cells
Cell-cycle distribution was analyzed by flow
cytometry to determine the inhibitory effect of Huaier
www.impactjournals.com/oncotarget
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Figure 4: Huaier extract synergizes with tamoxifen to induce apoptosis in ER-positive breast cancer cells. Flow

cytometric analysis of PI-Annexin-V to quantify apoptosis in MCF-7 A. and T47D C. cells after treatment as described in Materials and
Methods. Representative TUNEL staining (red fluorescence) of MCF-7 B. and T47D D. cells treated with Huaier (0 or 4mg/ml) and TAM
(0 or 10μmol/L). Bars, 50 μm. Columns are the average of three independent experiments. (*p < 0.05; **p < 0.01; ***p < 0.001 vs. the
control group).

TAM and Huaier extract target AKT in
ER-positive breast cancer cells

altered by treatment. Expression values were normalized
to controls.
Because AKT induces changes in cell cycle
distribution [18], we measured the effects of treatment on
the levels of select cell cycle regulatory proteins (Figure
6B). Cyclin D1 stimulates the G1-S checkpoints, and the
role of p-GSK3β as an upstream regulator of Cyclin D1
[19] was consistent with the flow cytometry analysis.
Taken together, these findings indicate that AKT is a
likely target of synergistic treatment with TAM and Huaier
extract in ER-positive breast cancer.

MCF-7 and T47D cells were treated with Huaier
extract (0, 4, or 6 mg/mL), TAM (0, 5, or 20 μM), or
both (Figure 6A–6D) for 48 hours. As shown in Figure
6A and 6B, levels of proteins involved in the AKT/
mTOR pathway (AKT, p-AKT, mTOR, p-mTOR,
p70S6K, p-p70S6K), cell autophagy (p-S6, P62, Atg7,
Beclin1, Lc3b), and apoptosis (Cleaved-caspase-3,
Cleaved-caspase-9, Cleaved-PARP, Bcl-2, Bax) were all
www.impactjournals.com/oncotarget
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Figure 5: Cell-cycle arrest at G0 / G1 in response to Huaier and/or TAM treatment. A. Huaier (0, 2, 4, or 6mg/ml) or TAM

(0, 5, 10, or 20μmol/L)-induced G0 / G1 arrest in MCF-7 cells and cell cycle distribution in MCF-7 cells was assessed by flow cytometry
after staining with propidium iodide (PI). B. Arrest at G0 / G1 in T47D cells was induced by the same treatment used in MCF-7 cells. All
of the experiments were performed in triplicate and data are presented as the mean ± SD of three separate experiments (*p < 0.05; **p <
0.01; ***p < 0.001 vs. the control group).

To further confirm this finding, we investigated
the effects of AKT overexpression in ER-positive breast
cancer cells. Western blot analysis confirmed that AKT
overexpression reduced levels of Bax, Beclin1, and Lc3b
protein and partially reversed the suppression of Bcl-2 in
MCF-7 and T47D cells after combined treatment (Figure
6C). The levels of these proteins did not differ between the
group transfected with pcDNA 3.1 without drug treatment
and the group transfected with AKT pcDNA 3.1 with drug
treatment. AKT pcDNA 3.1 transfection together with
combined drug treatment did not alter cellular migration or
invasion as compared to pcDNA 3.1 transfection without
drug treatment in MCF-7 cells (Figure 6). These results
confirm that AKT is a down-stream target of combined
TAM and Huaier extract treatment in ER-positive breast
cancer.

www.impactjournals.com/oncotarget

Combined TAM and Huaier extract treatment
inhibited the growth of subcutaneous tumors
In order to demine whether the curative effect
of combination treatment was greater than either
monotherapy in vivo, MCF-7 breast cancer cells were
subcutaneously injected into the right flank of BALB/c
nu/nu mice. As shown in Figure 7A, xenograft tumor
growth was reduced in the combined treatment group
as compared to the control group and both monotherapy
groups. On day 40, tumors in the combined treatment
group (17.41 ± 8.99 mm3) were smaller than those in
the Huaier treated (733.45 ± 55.93 mm3), TAM treated
(503.844 ± 61.12 mm3), and untreated control (1127.40 ±
100.07 mm3) groups (Figure 7B). In order to examine the
mechanism underlying the inhibition of tumor growth by
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Figure 6: Huaier extract synergized with tamoxifen in signal pathway induction in ER-positive breast cancer cells. A.

Combined treatment induced more autophagy than either monotherapy (mTOR, p-mTOR, P70S6, p-P70S6, p-S6, P62, Atg7, Beclin1, and
Lc3b). The autophagy effect was stronger in T47D than in MCF-7 cells. B. Western blot analysis revealed that Huaier extract synergizes
with tamoxifen to induce apoptosis in ER-positive breast cancer cells (Cleaved-capase-3, Cleaved-capase-9, Cleaved-PARP, Bcl-2, and
BCL2-associated X protein (BAX) proteins) and G0/G1 arrest (p-GSK3β, Cyclin D1). B, C, D. AKT is a target of the combination
treatment. B. Effects of Huaier extract or/and TAM on expression of AKT and p-AKT proteins. C. Western blot analysis demonstrated that
the transfection of AKT pcDNA3.1 reversed the protein changes induced by combined treatment (Beclin1, Lc3b, Bcl-2, Bax, and Cyclin
D1). Expression of β-actin was used as an internal control in all above analyses. D. There was no significant difference in migration or
invasion between AKT pcDNA3.1 with combined treatment and pcDNA3.1 without treatment groups. Bars, 50 μm. The data represent
average cell numbers from at least 10 viewing fields. All results shown are from one of three independent experiments performed (*p <
0.05; **p < 0.01; ***p < 0.001 vs. the control group).

Huaier extract and TAM in vivo, we measured Lc3b, Bcl2, and Ki67 protein levels using immunohistochemical
staining. As shown in Figure 7, Bcl-2 and Ki67 levels
decreased and Lc3b levels increased in the combined
treatment group compared to the control group and
monotherapy groups. Furthermore, combined treatment
increased Bax, Beclin-1, and Lc3b levels and decreased
Bcl-2 and Cyclin D1 levels compared to the control
and monotherapy groups in vivo. These results suggest
that Huaier extract synergizes with tamoxifen to induce
autophagy and apoptosis in ER-positive breast cancer
cells in vivo.

shown that resistance to TAM is partly mediated through
the AKT pathway, which promotes estrogen-independent
cell proliferation [20]. The AKT pathway also plays
a crucial role in breast cancer pathogenesis, and AKT
upregulation is associated with more aggressive clinical
phenotypes and worse outcomes in endocrine-treated
patients [21, 22]. In this study, we demonstrate for the
first time that Huaier extract, which has long been used
in traditional Chinese medicine, synergizes with TAM to
increase autophagy and apoptosis in ER-positive breast
cancer cells by inhibiting the AKT/mTOR signaling
pathway.
In our previous studies, we have shown that Huaier
extract exerts a strong anti-proliferative effect by inducing
caspase-dependent apoptosis, increasing autophagic cell
death, suppressing the estrogen receptor α pathway, and
inhibiting angiogenesis in both ER-positive and ERnegative breast cancers [9, 12, 23]. In this study, we found

DISCUSSION
TAM is widely used for treating ER-positive
BCs, but its side effects and the gradual development of
insensitivity limit its effectiveness. Many studies have
www.impactjournals.com/oncotarget
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Figure 7: Combined treatment enhanced the suppression of tumorigenesis in a xenograft model. A. Flank tumors

were established in BALB/c nu/nu female mice as described in Materials and Methods. Mice were killed 40 days after flank injection;
representative tumors are shown. B. Growth curves of xenograft tumors after the injection of MCF-7 cells. Mean tumor volumes ± SD are
shown. C. Immunohistochemical analysis of Bcl-2(C), Ki67 D. and Lc3b E. from the collected xenografts. Bars, 50 μm. F. Combined drug
treatment increased levels of Bax, Beclin-1, and Lc3b and decreased Bcl-2 and Cyclin D1 levels compared to the control and monotherapy
groups. The experiments were performed in triplicate and data are presented as the mean ± SD of three separate experiments (*p < 0.05;
**p < 0.01; ***p < 0.001 vs. the control group).

that Huaier extract synergizes with TAM to increase
ER-positive breast cancer cell autophagy and apoptosis.
As shown in the MTT and the colony formation assays,
combined treatment had a stronger cytotoxic effect on
MCF-7 and T47D cells than treatment with either drug
alone. In addition, combined treatment suppressed motility
more effectively in ER-positive breast cancer cells as
demonstrated by migration and invasion assays.
In the last decade, it has been well established
that programmed cell death (PCD) is not confined
to apoptosis (type-I PCD), but instead is involved in
various mechanisms of active self-destruction. One
such mechanism is autophagy (also called type-II PCD),
which is characterized by distinct morphological and
biochemical features. [24–26]. Recent studies suggest
that inducing autophagy is a promising new strategy
for fighting human diseases, including cancers [27, 28].
During autophagic cell death, portions of the cytoplasm
www.impactjournals.com/oncotarget

are sequestered into double membrane vesicles known as
autophagosomes, which then fuse with lysosomes to form
single-membrane autophagolysosomes. Autophagic cells
are thus identified by the accumulation of vacuoles and
LC3, which forms the membrane of the autophagosome
[29]. In this study, we examined Hauier extract and
TAM-induced autophagy in breast cancer cells using
an acidic vesicular organelles (AVO) staining assay and
flow cytometry analysis. LC3B, Beclin1, and Atg7 levels
indicate that the induction of autophagy is dose-dependent,
and combined treatment therapy enhanced TAM-induced
increases in autophagy. Moreover, the PI-Annexin-V
staining assay, TUNEL assay, and western blot analysis
confirmed the presence of cell apoptosis (type-I PCD) in
both cell lines that received treatment. The mitochondrial
pathway is an important mediator of cell apoptosis in
mammals. In the mitochondrial pathway, Bcl-2 family
members, including the anti-apoptotic Bcl-2 protein and
8
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pro-apoptotic Bax protein, regulate apoptosis in different
situations [30]. Bax assists in the release of cytochrome
c from the mitochondrial intermembrane space into
the cytosol by increasing the permeability of the outer
membrane. The combined treatment therapy increased
Bax protein levels compared to the monotherapy groups,
indicating that Huaier extract synergizes with tamoxifen to
induce autophagy in ER-positive breast cancer cells. Thus,
both autophagy and apoptosis played important roles in
combined drug treatment-induced PCD.
Earlier studies also demonstrated that TAM induces
arrest in the G0/G1 phase in breast cancer cells [17]; here,
we demonstrated for the first time that Huaier extract has
similar effects using flow cytometry analysis. Cyclin D1
is important for inducing S phase entry, and inhibition of
Cyclin D1 induces cell cycle arrest in the G1 phase [31].
Flow cytometry and analysis of Cyclin D1 expression
revealed that the combination of Huaier extract and TAM
enhanced cell cycle arrest.
Gene mutations and copy number alterations
(CNAs) activate the AKT/mTOR pathway in many
tumor types [32], and numerous studies demonstrate
that mTOR kinase suppresses autophagy and apoptosis
[33]. On one hand, mTOR suppresses autophagy through
the Atg proteins by interfering with the formation of
autophagosomes [34]. Our results show that combined
treatment dramatically decreases mTOR activity.
This inhibition resulted in reduced phosphorylation
of the mTOR downstream targets P70S6K, S6, and
P62. These findings indicate that combined treatment
induced autophagy in breast cancer cells at least partly
by inhibiting the mTOR/S6K signaling pathway. On the
other hand, mTOR also suppresses apoptosis through the
caspases, a group of cysteine-aspartic proteases [35]. The
initiator caspases (e.g. caspase-9), which were activated by
apoptotic stimulation, cleaved and activated executioner
caspases (e.g. caspase-3). This caspase cascade leads to
the cleavage of PARP, a DNA repair enzyme and known
caspase substrate, and eventually to DNA degradation.
Caspase activation, which was measured by examining
protein levels and using a TUNEL assay, also played
a role here following the combined drug treatment.
Furthermore, cell cycle arrest may be crucial to the
fragmentation of DNA, which is either repaired or leads
to death [36]. Inactivation of the DNA repair enzyme
PARP renders cells unable to repair fragmented DNA,
eventually leading to the arrest of cell cycle progression
at the G0/G1 phase. Glycogen synthase kinase-3 (GSK3)
is also a critical downstream element of the AKT/mTOR
pathway. Here, inhibiting AKT/mTOR decreased GSK3β
and Cyclin D1 expression, resulting in G0/G1 cell cycle
arrest. However, overexpression of AKT only partially
reversed the decrease in expression of BCL2/Lc3b/Cyclin
D1 following Huaier extract treatment, so there are likely
other functional mediators of Huaier’s effect on endocrine
therapy resistance. The signal pathway analysis from
www.impactjournals.com/oncotarget

the HTA 2.0 transcriptome microarray assay was also
consistent with these data.
In summary, our results reveal for the first time
that Huaier extract synergizes with tamoxifen to
increase autophagy, apoptosis, and G0/G1 arrest in ERpositive breast cancer cells. These results suggest that
this combined treatment may be more effective than
monotherapy and might help reduce side effects in
patients with ER-positive breast cancer. Future studies
should examine treatment using Huaier extract both
alone and in combination with radiation or chemotherapy
in a clinical setting. Additionally, the effects of Hauier
extract both alone and in combination with other drugs on
deeper molecular mechanisms involved in cancer, such as
lncRNA and miRNA, should be examined.

MATERIALS AND METHODS
Cell lines and reagents
ER-positive breast cancer cell lines MCF-7 and
T47D were obtained from American Type Culture
Collection (ATCC; Rockville, MD, USA). Huaier
extract was kindly provided by Gaitianli Medicine Co.,
Ltd. (Jiangsu, China) and prepared as described before
[9]. Tamoxifen was purchased from Sigma-Aldrich (St.
Louis, MO, USA). Anti-Bcl-2, Ki67, ERα, and BAX
were purchased from Dako Corp. (Carpinteria, CA,
USA). Mouse monoclonal antibody against β-actin was
purchased from Sigma-Aldrich (St. Louis, MO, USA).
All of the remaining antibodies were obtained from
Cell Signaling Technology (Beverly, MA, USA), unless
otherwise specified.

Cell culture
MCF-7 cells were routinely maintained in DMEM
medium (Gibco-BRL, Rockville, IN, USA) supplemented
with 10% fetal bovine serum (FBS, Haoyang Biological
Manufacture Co. Ltd., Tianjin, China), 100 U/mL
penicillin, and 100 μg/mL streptomycin. T47D cells were
cultured in RPMI-1640 medium (Gibco-BRL) with 10%
FBS and 10 μg/mL bovine insulin (Sigma-Aldrich, St.
Louis, MO, USA). MCF-7 and T47D cells were routinely
cultured at 37°C with 5% CO2 in a humidified incubator.

HTA 2.0 microarray assay and pathway analysis
Total RNA was isolated from MCF-7 cells with
TRIzol (Invitrogen, Carlsbad, CA, USA) after 72 h of
treatment with Huaier aqueous extract (8 mg/Ml with
DMEM). Equal amounts of RNA were pooled from three
donors for each sample. Biotinylated cDNA was prepared
from 250 ng total RNA according to the Affymetrix
standard protocol using the Ambion® WT Expression
kit. cDNA was hybridized in a Hybridization Oven 645
9
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for 16 h at 45°C on a GeneChip Human Transcriptome
Array 2.0 (HTA 2.0). GeneChips were scanned using the
Affymetrix® GeneChip Command Console (AGCC). The
data were analyzed using the Robust Multichip Analysis
(RMA) algorithm with Affymetrix default analysis settings
and global scaling as a normalization method. Fold
change was used to identify differentially expressed genes
(DEGs). Pathway analysis was used to find significant
pathways based on differential gene expression according
to KEGG, Biocarta, and Reatome. Fisher’s exact test and
χ2 tests were employed to select significant pathways, and
the threshold of significance was defined by P-value and
false discovery rate (FDR).

membrane was coated with matrigel (BD Biosciences,
Bedford, MA, USA).

Colony forming assay
MCF-7 and T47D cells were seeded (1´103 cells/
well) in six well plates. Cells were allowed to grow for 24 h.
After 24 h, cells were treated with Huaier extract and/or
tamoxifen for 48 h. Then medium was replaced and cells
were allowed to grow for 10 days. Thereafter, cells were
washed, fixed and stained with 1% crystal violet solution.
Excess staining was washed with PBS and images were
acquired using a microscope.

Immunocytochemical analysis

Plasmid construction and transfection

Acridine Orange staining was performed as
previously described in [39]. MCF-7 and T47D cells were
seeded in six-well plates on a coverslip and then treated
with Huaier extract or/and tamoxifen. Cells were fixed
with 100% cold methanol and then stained with 0.01%
Acridine Orange. The slides were sealed by neutral resin
and observed under microscope at a magnification of
×400. The images were analyzed using ImageJ software.

For AKT overexpression, AKT cDNA was cloned into
the multiple cloning site of the pcDNA3.1 vector (Invitrogen,
Carlsbad, CA, USA). The expression plasmid vector and
the empty vector were used to transfect MCF-7 and T47D
cells using lipofectamine 2000 (Thermo Fisher Scientific
Inc., Waltham, MA, USA) to establish AKT overexpression
(AKT-OVER) and control (Control) cell lines.

Cell viability assay

Flow cytometry analysis of acidic vesicular
organelles (AVO)

Cell viability was determined by a 3-(4,
5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide
(MTT) assay. MCF-7 (3×103 cells/well) and T47D
(1.5×103 cells/well) cells were cultured in 96-well plates.
After incubation overnight, the medium was replaced
with solutions containing different concentrations of
Huaier (0, 4, 6, or 8 mg/mL) and TAM (0, 5, 20, or 3 μM),
followed by incubation for 24, 48, or 72 h. Afterwards,
20 μL of MTT (5 mg/mL in PBS) was added to each well
and the cells were incubated for another 4 h at 37°C. The
supernatants were then aspirated carefully and 100 μL
of dimethyl sulfoxide (DMSO) was added to each well.
The plates were shaken for an additional 10 min and the
absorbance values were read using a Microplate Reader
(Bio-Rad, Hercules, CA, USA) at 570 nm [37].

In order to quantify the change in the number of
AVOs in cells treated with Huaier extract, cells were
stained with Acridine orange (1 μg/mL) in PBS at 37°C
for 15 min in the dark. The cells were washed with PBS
twice and then suspended in PBS for immediate analysis.
The data were analyzed using BD Cell Quest software.

Identification of apoptosis by
PI-Annexin-V staining
This assay was performed to detect cell apoptosis
with an Annexin V-FITC Apoptosis Detection Kit (JingMei
Biotech, Beijing, China), following the instructions from the
manufacturer. In brief, harvested cells were suspended in
100 μL binding buffer to achieve a concentration of 1×106/
mL. Then, 5 μL Annexin V-FITC and 10 μL propidium
iodide (PI) (20 μg/mL) were added and incubated in the
dark for 15 min at room temperature. Finally, 400 μL
binding buffer was added to each reaction tube before the
cells were analyzed by FACScan flow cytometry. The data
were analyzed by WinMDI V2.9 software (The Scripps
Research Institute, San Diego, CA, USA) [40].

Migration and invasion assays
Migration and invasion assays were performed as
described previously [38] using the Transwell system
(Corning Costar, Lowell, MA, USA). In the migration
assay, cells were starved in serum-free medium for 12 h at
37°C. 700 μL of medium with 20% FBS was added to the
lower well of each chamber and 1×105 cells suspended in
serum-free medium were added to the upper inserts. After
incubation for 48h, the total number of cells adhering to
the lower surface of the membrane was quantified in six
representative fields. The invasion assay was performed
in the same way as the migration assay except that the

www.impactjournals.com/oncotarget

Cell-cycle analysis
Cell-cycle analysis was performed using the
standard method [40] with some modifications.
Briefly, 5×105 cells/well were seeded in 6-well plates
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and starved in serum-free medium at 37°C. After 12 h
starvation, the cells were treated with Huaier extract or/
and tamoxifen for 48 h. The cells were then trypsinized,
washed with cold PBS, and fixed overnight with 75%
cold ethanol at -20°C. The next day, the fixed cells were
washed with PBS twice. After that, the cell plates were
suspended with 200 μL RNase A (1 mg/mL) at 37°C for
10 min, followed by the addition of 300 μL PI (100 μg/
mL) to stain the DNA of cells in the dark. After 20 min
incubation at room temperature, the DNA contents of
the cells were analyzed with a FACScan flow cytometer
and the data were analyzed by ModFitLT V2.0 software
(Becton Dickinson).

using the following equation: Volume = (width2´length)
/2. After 40 days, the mice were sacrificed and the
xenografts were removed for immunohistochemical
staining and western blot assays.

Immunohistochemical analysis
Immunohistochemistry was performed as described
previously [42, 43]. After excision, the tumor tissues
were stored in 10% neutral-buffered formalin. After 24 h,
the samples were paraffin-embedded and sliced into 4 μm
sections. The sections were microwaved for antigen
retrieval and incubated with primary antibody overnight
at 4°C. Then the sections were washed with PBS, treated
with biotinylated anti-immunoglobulin antibody for 20
min, and allowed to react with horseradish peroxidaseconjugated streptavidin. Following detection with
diaminobenzidine, the sections were counterstained with
hematoxylin. The representative images of tumor tissues
were taken using an Olympus light microscope.

Terminal-deoxynucleotidyl transferase-mediated
nick end labeling (TUNEL) assay
TUNEL staining was performed using the One
Step TUNEL Apoptosis Assay Kit (Beyotime,Jiangsu,
China) according to the manufacturer’s instructions. After
treatment, the cells werefixed with 4% paraformaldehyde
phosphate buffered saline, rinsed with PBS, and then
permeabilized with0.1% Triton X-100 for 2 min on ice
followed by the application of the TUNEL kit for 1 h at
37°C. The TUNEL-positive cells (red fluorescence) were
imaged using fluorescent microscopy.

Statistical analysis
SPSS software (version 18.0) was used for statistical
analysis. Student’s t-tests and one-way ANOVAs were
performed to determine significance. All error bars
represent the standard error of the mean (SEM) of
three experiments, and differences with p < 0.05 were
considered significant.

Western blot analysis
MCF-7 and T47D cells were treated with Huaier
extract (2, 4, or 6 mg/mL) and tamoxifen (5, 10, or 20 μM)
for 48 h. Proteins were collected from different cell groups
lysed in lysis buffer in the presence of protease inhibitors
[41]. Proteins were separated by 12% SDS-PAGE and
electro-blotted onto a PVDF membrane using a semidry blotting apparatus (Bio-Rad, Hercules, CA, USA).
After blocking with 5% nonfat milk, the membranes were
incubated overnight at 4°C with the primary antibodies,
followed by labeling with the secondary antibody. Protein
bands were visualized using the Pro-lighting HRP agent.
β-actin was used as the endogenous control.
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